I. Introduction
Growing concern about climate change, water scarcity and declining world oil reserves has contributed to several studies by global scientific community on this theme. Biofuels are low in toxicity, biodegradable, renewable and capable of substantially reduce greenhouse gases emissions. These characteristics make biomass fuels be considered as potential substitutes for fossil fuels [1] . Biodiesel appears as an alternative to petroleum diesel, defined as a fuel composed by alkyl esters of long chain fatty acids derived from vegetable oils, animal fats, residual oils or algae [2] . The consumed biodiesel in Brazil is generally obtained by homogeneous alkaline transesterification, in which a purification step is necessary to separate the glycerin formed as a by-product. The purification process is followed by washing with acidic solution to remove unreacted oil residues from the catalyst and finally some washes with distilled water to remove remnants of residues still present in biodiesel. This post-wash water contains high amount of wastes, so it must be treated before reuse or disposal [3] . Biodiesel purifying conventional process with water, despite having significant efficiency, generates a large volume of liquid effluent. Generally three liters of water is consumed for each liter of biodiesel produced in average, which due to present impurities cannot be directly discarded, as established by CONAMA Resolution No. 430/2011 [4] . Among various treatment processes for biodiesel purification wastewater, electroflocculation occupies a prominent position. The process uses electrolysis to separate impurities and clean water. Physical and chemical effluent variables reduction (BOD, COD, oils and greases, turbidity and apparent color) is guaranteed by applying this simple and efficient method of separation [5] . Electroflocculation process is economically infeasible when using conventional grid electric power to electrically supply the system. Studies carried out by [6] point out that electroflocculation process for biodiesel wastewater treatment becomes economically feasible when using a photovoltaic system to supply energetically the electrochemical reactor. In [7] , it was evaluated electroflocculation has effectiveness for wastewater treatment from biodiesel production with significantly satisfactory results, it achieved reduction in turbidity (99.96%), apparent color (81.66%), COD (65,19%), BOD5 (60.37%) and oils and greases (30.88%), for a treatment exposure time of 10 minutes and potential difference between electrodes of 7.5 V. The same authors also suggest that treated water can be reused at biodiesel purification process. Such alternative is impracticable, since in the treated effluent there is still a high iron or aluminum residual content (depending on the used electrode). Such metals presence on biodiesel composition accelerates autoxidation reactions [8, 9] . Simple disposal of the resulting effluent from biodiesel wastewater purification treatment via electroflocculation is not indicated, although the physical-chemical parameters are suitable according to limits established in CONAMA Resolution 430/2011 [10] . Iron or aluminum content is high and may cause contamination on aquatic environments. Therefore, reuse alternatives for the effluent DOI: 10.9790/1676-1203012629 www.iosrjournals.org 27 | Page generated in electroflocculation process should be evaluated in order to minimize the consequences of their disposal in water courses. In [5] , the treatment of wastewater from biodiesel production via electroflocculation with electrodes obtained from aluminum cans reuse was analyzed, getting significant results with reduction in turbidity (97%), COD (85%) BOD5 (87%), oils and greases (84%). Authors still synthesized potassium alum from the effluent generated in the process. In printed circuit boards manufacture at electronics area, iron perchloride (ferric chloride) is commonly used as a corrosive agent. The board is usually shielded with paint and the circuit tracks will be attacked by the corrosive agent. When biodiesel is produced by homogeneous catalysis with potassium methoxide, its residual water after acid washing with hydrochloric acid (HCl) will have as a product, after the acid-base neutralization reaction, the potassium chloride (KCl) salt. This salt dispersed in the effluent will make iron perchloride production possible, so that can be applied in printed circuit boards manufacture. This work aimed to treat the residual wastewater of biodiesel production by methyl route via electroflocculation and, from the effluent generated at this process, synthesize the iron perchloride for use as corrosive agent at printed circuit boards.
II. Materials And Methods
In this section, materials and methods used during the experiments are presented.
MATERIALS
The process electrolytic cell was mounted in a glass vessel, using cut and sanded iron electrodes, with dimensions of 9 cm long and 3 cm wide. An electrical DC source (brand Instrutherm, model FA 3030) was used to supply the necessary process current, connected to a photovoltaic system. Chemical compounds such as methanol, potassium hydroxide and 99% purity hydrochloric acid were purchased from VETEC, Sigma-Aldrich Brazil [6] .
BIODIESEL PRODUCTION
Soybean biodiesel (B100-S) was produced by alkaline transesterification reaction in the presence of KOH, with a molar ratio oil : methanol of 1 : 6. The processing was performed in a glass reactor (Marconi, model MA502 / 5 / C, useful volume 1 L) with temperature control and mechanical agitation (blades impeller), under the following operating conditions: 50°C, 1 atm, 300 rpm and reaction time of 1h. Thereafter, the glycerin was separated from reaction mixture by decantation. The mixture lighter phase, containing B100-S, catalyst and methanol excess, passed through the purification step consisting of methanol evaporation with the aid of a rotary evaporator (IKA, model RV10) with vertical condenser, followed by washes with 0.5M hydrochloric acid solution. 2g of potassium chloride (KCl) was added at the acid wash water to increase effluent conductivity. Subsequent washings were performed with distilled water. The total wastewater resulted from purification process was collected in suitable containers and subjected to electroflocculation treatment [11] .
ELECTROFLOCCULATION DISPOSITIVE
The wastewater treatment was carried out in a batch-operated electrochemical reactor (plastic beaker, useful volume 0.5 L) composed of two iron electrodes, 9 cm long and 3 cm wide. The electrodes were fixed in the reactor, in which copper wires were supplied by DC source (2.0 A) powered by a photovoltaic system, according to the scheme shown in Figure 1 . 0.2 L of the solution was added on the reactor to be treated, from the washing water obtained at biodiesel production. Subsequently, the system was operated for 10 min and the result effluent used for iron perchloride production. 
IRON PERCHLORIDE PRODUCTION
On the produced effluent, from electroflocculation process, was added 0.03 L of 35% (v / v) hydrogen peroxide. As a next step, solution pH was lowered to 1.0 and left inert for 5 h. The supernatant solution was removed with the aid of a graduated pipette, while the residual solution was oven-dried at 90 ° C for 6 h.
PRINTED CIRCUIT BOARD MANUFACTURE
A virgin phenolic printed circuit board was cut into appropriate dimensions of the circuit to be inserted. Oxidations were removed from the surface of the plate with sandpaper. Subsequently, a layer of paint was applied with the aid of a permanent pen (usually used on CDs, DVDs). The drawing of the traces on the plate was done manually, removing the ink layer, where it was desired that the iron perchloride would act as a corrosive agent. Subsequently, the plate was immersed in the iron perchloride solution under stirring for 5 min. At the last step, the ink was removed, and the plate was perforated at the spots for electronic components, where they were inserted and welded [12] .
III. Results And Discussion
The obtained effluent from biodiesel production wastewater treatment by electroflocculation is predominantly composed of ferrous chloride (FeCl 2 ) as a result of electrolysis of potassium chloride and iron dispersed in the effluent. The liquid presented a greenish coloration, characteristic of ferrous chloride presence as showed in Fig.1 . Generally, two classical methods are used for oxidation of Fe 2+ ions in Fe
3+
: the first consists in exposing ferrous chloride to atmospheric air, leaving the container open. According to [12] , this method is ineffective because the reaction rates are extremely low and produce high concentrations of rust; In the second method, which was used in this work, the addition of hydrochloric acid eliminates the presence of rust, increasing process efficiency.
The hydrochloric acid eliminates the rust due to the attack of this acid (1), in addition it decreases the solution pH. HCl was added until solution pH was 1.0. Then, the hydrogen peroxide was added, which more efficiently oxidized Fe 2+ ions in Fe 3+ (2) , and there was a changing of color on the solution from greenish (characteristic color of Fe 2+ ions) to a reddish coloration (characteristic of Fe 3+ presence), in just 2min, the 0.5 L content presented reddish color which is indicative that the solution was converted to iron perchloride. The system was allowed to stand for 5h, as previously described.
It was verified precipitation of iron chloride and a supernatant solution of non-concentrated iron chloride. This was removed with the aid of a graduated pipette. The solution can then be used for coagulation tests of effluents with suspended solids and also in water treatment or industrial sewage systems [13] . The precipitated solution was taken to the oven at 90°C for 6h to evaporate water excess aiming to concentrate iron perchloride solution. Fig. 2a) shows the printed circuit board after ink application layer and circuit design, where the iron perchloride solution will act as a corrosive agent. Fig. 2b) shows the plate submerged in the solution; the component was exposed to the treatment for 5 min under stirring. The produced solution of iron perchloride from wastewater of biodiesel production, treated by electroflocculation technique, proved to be efficient acting as a corrosive agent in printed circuit boards as showed in Fig. 3a) .
The circuit showed in Fig. 3b ) corresponds to a full-wave rectifier with central (or neutral) derivation; such circuit is used as a converter to the sine-wave periodic signal with a fixed frequency of 60 Hz provided by grid power supply. Usually, this source is used as electronic power supplies for electronic devices that needs continuous voltage to operate, but are connected to commonly AC grid power supply. Generally, it is located at the transformer output voltage, performing the conversion into constant voltage for DC electronic circuits. The copper traces delimited in the rest of the plate by the action of the corrosive agent are destined for electric currents conduction and they must basically be of sufficient thickness to withstand the intensity of the electric flow. 
IV. Conclusion
Obtained results showed that it is possible to obtain iron perchloride from biodiesel wastewater by electroflocculation technique. It has been found that there are two possible uses, first supernatant iron chloride solution can be applied widely in water coagulation/decantation processes, which contain dispersed solids, as well as applied in industrial sewage treatment. The second application refers to the use of iron perchloride as a corrosive agent at printed circuit boards manufacture. It can be stated that for this purpose the produced iron perchloride satisfactorily met the objectives of this work.
